Abstract Despite the increasing epidemic of diabetes mellitus affecting populations at different life stages, the global burden of gestational diabetes mellitus (GDM) is not well assessed. Systematically synthesized data on global prevalence estimates of GDM are lacking, particularly among developing countries. The hyperglycemic intrauterine environment as exemplified in pregnancies complicated by GDM might not only reflect but also fuel the epidemic of type 2 diabetes mellitus (T2DM). We comprehensively reviewed available data in the past decade in an attempt to estimate the contemporary global prevalence of GDM by country and region. We reviewed the risk of progression from GDM to T2DM as well. Synthesized data demonstrate wide variations in both prevalence estimates of GDM and the risk of progression from GDM to T2DM. Direct comparisons of GDM burden across countries or regions are challenging given the great heterogeneity in screening approaches, diagnostic criteria, and underlying population characteristics. In this regard, collaborative efforts to estimate global GDM prevalence would be a large but important leap forward. Such efforts may have substantial public health implications in terms of informing health policy makers and healthcare providers for disease burden and for developing more targeted and effective diabetes prevention and management strategies globally.
Introduction
Due to the epidemiologic transition of the population towards aging and more sedentary lifestyle related to urbanization during the past few decades, the prevalence of type 2 diabetes mellitus (T2DM) has been rapidly increasing and the age of onset becomes younger globally [1] . Many developing countries are currently suffering from the increasing burden of T2DM and comorbidities which used to predominantly burden developed countries. Concurrently, the prevalence of gestational diabetes mellitus (GDM), one of the most common pregnant complications, has increased by more than 30 % within one or two decades in a number of countries including developing countries [2, 3] , forming an emerging worldwide epidemic [4•] .
GDM has been related to substantial short-and long-term adverse health outcomes, such as increased risk of developing cardio-metabolic disorders later in life among both women and their offspring [5, 6••] . Therefore, it is of great public health significance to understand the burden of GDM in a global scope. However, easily accessible and systematically organized data on estimates of global prevalence of GDM are lacking. In particular, data on estimates of GDM prevalence in developing countries are relatively scant. Furthermore, lack of consensus and uniformity in the screening standards, definition, and diagnosis criteria of GDM challenges the comparative assessment of the GDM prevalence across countries and regions.
GDM, defined as any degree of glucose intolerance with onset of first recognition during pregnancy [7] , may inevitably include undiagnosed pre-existing T2DM. Therefore, the increasing prevalence of GDM is considered to reflect the underlying T2DM epidemic in the population. On the other hand, women with a history of GDM may be imposed to a sevenfold increased risk of T2DM in later life [6••] . Therefore, the progression of GDM to T2DM may be in turn fueling the T2DM epidemic. Despite the recognition of racial/ethnic disparities in prevalence and disease burden of GDM and T2DM, the geographic and racial/ethnic variation in progression from GDM to T2DM has not been well assessed.
In the present review, we provide an overview of the global prevalence of GDM based on data published in the past decade and discuss the methodological challenges in estimating the global burden. In addition, we discuss contributing factors related to the geographic variation in GDM prevalence and assess the adverse health implications of GDM with respect to its progression to T2DM from a global perspective.
Global Prevalence of GDM by Geographic Regions and Countries Literature Search
A literature search was conducted in PubMed supplemented by cross-checking relevant references of eligible studies on the prevalence of GDM in the past decade from January 1, 2005 to August 1, 2015, to reflect the contemporary disease prevalence, without language restrictions. Search term combinations were Bdiabetes, gestational^as a MeSH term or text word, Bprevalence^as a MeSH term, and Bepidemiology,B prevalence,^Btrend,^or Bscreening^as a text word. These search criteria yielded 3357 articles, of which titles and abstracts were reviewed to determine the relevance to the research objective (phase 1). In phase 2, full texts of 214 articles were reviewed to extract data on study design, sample size, location, year, sampling strategy, screening approach, diagnostic criteria, prevalence of GDM, and subject characteristics. If duplicate studies on the same study population were identified, the most recently published one was selected. A scoring system developed by the International Diabetes Federation with four domains [sampling (single-hospital, local or multi-site, regional, national; score ranged 0-3), data sources (observational/records, extrapolated/predicted; score ranged 0-1), ascertainment of GDM status (criteria-based, self-reported/record-based; score ranged 0-1), and study year (<2000, 2000-2005, >2005; score ranged 0-2)] was used to assess the quality of each eligible study [8] . In phase 3, we applied the following exclusion criteria for further synthesis: (1) reviews, editorials, comments, letters, and news articles; (2) no specified criteria for diagnosis of GDM; (3) exclusive focus on a particular population (e.g., adolescent pregnancies); (4) studies included women with pre-existing diabetes before the index pregnancy; and (5) studies with a quality score of three or less. Finally, 77 studies with a mean quality score of 4.6 (SD 0.8) were selected. A complete list of the included studies and extracted data is available upon request.
Results of the Literature Search
Among the eligible 77 studies meeting the search criteria, data from a total of 36 countries were included to derive countryspecific estimates for GDM prevalence. Some countries such as USA (n = 11), Canada (n = 4), Australia (n = 4), China (n = 4), and India (n = 3) have multiple published prevalence studies based on various study populations and diagnostic criteria, whereas others (mostly developing countries in Africa and South/Central America) have few published estimates. If more than one estimate of GDM prevalence was available for one country, the country-specific prevalence of GDM was estimated by using the median of all available source data. Likewise, the region-specific prevalence of GDM was estimated by calculating the median prevalence of countryspecific estimates within each World Health Organization (WHO) region.
Overall, Middle East and North Africa had the highest prevalence of GDM with a median estimate of 12.9 % (range 8.4-24.5 %), followed by Southeast Asia, Western Pacific, South and Central America, Africa, and North America and Caribbean (median prevalence 11.7, 11.7, 11.2, 8.9, and 7.0 %, respectively), whereas Europe had the lowest prevalence (median 5.8 %; range 1.8-22.3 %) (Fig. 1) . Considering the fact that prevalence estimates are subject to the diagnosis criteria applied, we specified diagnosis criteria when describing country-specific estimates of GDM prevalence (Fig. 2) . Considerable variations were observed both within and between countries. Within each country, the proportion of which the prevalence estimates were attributable to each major diagnostic criterion was indicated by different colors. Within the Western Pacific region, the prevalence estimates had a wide range from 4.5 % in Japan to 25.1 % in Singapore, to which different GDM diagnosis criteria were applied. The former was based on both the Japan Society of Gynecology and Obstetrics 1984 criteria [10] and the International Association of Diabetes and Pregnancy Study Groups (IADPSG) criteria [11] , whereas the latter was solely based on the IADPSG criteria. Similarly, countries in Europe also had large variations in estimates of GDM prevalence, with Norway leading the prevalence (median 22.3 %; range 13.0-31.5 % using the WHO 1999 [12] and modified IADPSG criteria, respectively) and Ireland having the lowest prevalence of 1.8 % (using the National Institute for Health and Care Excellence criteria [13] ). In contrast, countries in the North America and Caribbean region (i.e., Barbados, USA, Trinidad and Tobago, and Canada) had relatively the least variability in estimates of GDM prevalence, ranging from 6.5 % in Canada (mostly diagnosed by the Canadian Diabetes Association criteria [14] ) to 11.9 % in Barbados (by the IADPSG criteria). In the Middle East and North Africa region which had on average the highest prevalence of GDM, the prevalence estimates ranged from 8.4 % in Iran to 24.5 % in United Arab Emirates, whereas Qatar, Bahrain, and Israel had intermediate estimates (i.e., 16.3, 12.9, and 8.8 %, respectively). In Southeast Asia, Malaysia had the highest prevalence of 18.3 %, followed by India (13.6 %), Bangladesh (9.7 %), and Sri Lanka (8.1 %). In South and Central America, data on GDM prevalence were only available in two countries (16.6 and 5.7 % in Cuba and Brazil, respectively). Likewise, only two countries in Africa had qualified and available data on prevalence of GDM (i.e., 8.2 % in Nigeria and 9.5 % in Tanzania), which used both the WHO and IADPSG criteria, respectively.
Of particular note, caution is needed in interpreting the country-and region-specific estimates of GDM prevalence, due to several methodological issues as discussed below. IADPSG criteria emerged just recently. As such, recent studies are more likely to apply the IADPSG criteria while estimating or reevaluating the prevalence of GDM. Thus, the synthesized prevalence estimates based on studies published during the past decade might reflect more about the prevalence defined by the new criteria than the previous ones, especially among countries which did not report their prevalence estimates until recently. In addition, when the prevalence by WHO regions was synthesized, no adjustment was made based on sample sizes and sampling methods.
Methodological Issues in Assessing Global Prevalence of GDM Screening Approaches
The common screening approaches for GDM include universal or routine screening for all pregnant women, selective screening among high-risk women based on certain risk factors, or a combination of both. Ideally, universal screening should be applied without restriction to high-risk pregnant women in order to identify all potential GDM cases. Selective screening for GDM might lead to missing over 40 % of GDM cases [15] . On the other hand, selective screening may be more cost-effective based on the recognition that screening with glucose measurements may be less beneficial to low-risk women [16] .
The screening approaches for GDM vary by country, region, and year. For instance, the overall screening rate in the USA has been high in the past two decades, ranging from 87.5 to 96.5 % depending on practices adopted by different health providers [17, 18] . In contrast, although there are no unified national guidelines regarding screening for GDM in Sweden, most regions apply risk factor-based screening [19] . However, surprisingly low rate of compliance with local clinical guidelines was observed, with only 30.7 % of women meeting the criteria for GDM screening were actually screened [20] . Moreover, practices with respect to the timing of screening may also vary by local health practitioners. In Nigeria, regardless of the diagnostic criteria of GDM, the time window for GDM screening might vary from 4-40 weeks of gestation [21] , 24-28 weeks [22] , 24 weeks onwards [23] , to the third trimester [24] .
Diagnostic Criteria
There has been continuing debates as to the optimal approach for the diagnosis of GDM, which has resulted in a variety of diagnostic criteria for GDM endorsed by different stakeholders (Table 1) . Moreover, diagnostic criteria for GDM have rapidly evolved during the past few decades.
In 1664, O'Sullivan and Mahan suggested a set of threshold values obtained during a 100-g 3-h oral glucose tolerance test (OGTT) using the Somogyi-Nelson technique for GDM diagnosis [25] . The O'Sullivan criteria were set based on the two standard deviations of the respective mean of each venous whole blood glucose measurements, in order to optimize the ability in predicting development of subsequent diabetes in later life. In 1979, the National Diabetes Data Group (NDDG) modified these thresholds by adding~15 % to each glucose value to reflect the change of using plasma or serum samples instead of venous whole blood [26] . The American Diabetes Association (ADA) recommended the NDDG criteria for diagnosis of GDM until 1999 and switched to the Carpenter and Coustan (C&C) criteria [27] since 2000 [28] . The C&C criteria were initially published in 1982 based on a new glucose oxidase method for plasma glucose measurement to replace the conventional Somogyi-Nelson technique, which is sensitive to a number of non-glucose substances. Of note, both the NDDG and C&C criteria were based on a 100-g 3-h OGTT test, following a 50-g glucose challenge test with cutoff values ranged from 130 to 140 mg/dl. This combination forms a two-step diagnostic approach for GDM as recommended by the ADA until 2010. Since 2011, the ADA endorsed the new criteria by the IADPSG, which recommended a one-step approach using a 75-g 2-h OGTT with one or more abnormal values [29] ; however, in 2014, the ADA modified their recommendations to endorse either the IADPSG or the two-step approach (i.e., C&C or NDDG criteria) [30] . The new criteria were based on the Hyperglycemia and Adverse Pregnancy Outcome Study (HAPO) study which identified a 1.75-fold increase in specific adverse pregnancy outcomes (i.e., birth weight >90th percentile, primary cesarean section delivery, neonatal hypoglycemia, and cord C-peptide >90th percentile) compared to the mean glucose values [11] .
In contrast to the ADA diagnostic criteria for GDM exclusive to pregnant women, the WHO suggested that GDM be diagnosed according to the same criteria for diabetes mellitus or impaired glucose tolerance outside pregnancy using a 75-g 2-h OGTT with one or more abnormal values [12, 31] . In 2013, the WHO proposed its new criteria and definition for hyperglycemia first detected during pregnancy (HFDP) including both GDM and diabetes in pregnancy (DIP; previously undiagnosed diabetes based on the 2006 WHO criteria for diabetes [32] ) instead of the conventional term GDM [33] . This new definition intends to differentiate between the varied severities of HFDP, which distinguishes GDM as a milder degree of HFDP from the more serious form DIP. To align with the new WHO definition of HFDP, the International Diabetes Federation published prevalence estimates of HFDP instead of GDM largely based on extrapolated data [4•] . The consequent impact on the diagnosis and prevalence estimates of GDM following the new WHO 2013 definition and criteria is yet to be determined.
Overall, the adoption of new criteria at different stages resulted in an increase in prevalence of GDM in the population, to varying extents. Compared to the NDDG criteria, the use of the C&C criteria resulted in higher prevalence of GDM by 33-70 % among members of the Northern California Kaiser Permanente Medical Care Program, varied by women's age and race/ ethnicity [34] . The lower threshold values of IADPSG further increased the prevalence of GDM by two-to threefolds or even up to sevenfold compared to the previous criteria [35] [36] [37] [38] [39] . Similarly, one population-based study in Brazil showed that the prevalence of GDM significantly differed by diagnostic criteria [i.e., 18.0/7.1/2.3 % using the IADPSG/WHO 1999/ADA 2010 criteria, respectively] [35] . One hospital-based study in United Arab Emirates comparing multiple diagnostic criteria also illustrated major discrepancies in the prevalence estimates of GDM (i.e., 45.3/24.5/13.3 % using the IADPSG/WHO 1999/ADA 2004 criteria, respectively) [38] . The revised upward prevalence of GDM by adopting the IADPSG criteria was also seen in a hospital-based cohort in Spain, whose prevalence estimates were 35.5 and 10.6 % according to the IADPSG and C&C criteria, respectively [39] .
Even when the same diagnostic criteria were applied, considerable variability in prevalence estimates of GDM was observed both within and between countries. Data from the HAPO study across 15 study centers in nine countries demonstrated great heterogeneity in prevalence of GDM by study center and country [40•] due to variations in the distributions of risk factors of GDM (i.e., age, parity, race/ethnicity, family history of GDM, body adiposity, etc.) in different populations. Among the four HAPO study centers in the USA, the prevalence of GDM ranged from 15.5 % in Providence, RI to 
Underlying Population Characteristics
The prevalence of GDM is not only influenced by screening approaches and diagnostic criteria but also by inherent characteristics of the study population, which add to the difficulty in comparing prevalence estimates across populations.
Advancing maternal age at childbirth has been recognized as one major risk factor for GDM. For instance, compared with women aged ≤24 years, the prevalence of GDM was more than four times higher among women aged >30 years (14.1 versus 3.0 %) in Turkey [41] . In addition, the increasing trend of GDM prevalence over time in a population could be partially attributable to the increased maternal age. Therefore, age-standardized prevalence estimates would be helpful in terms of facilitating the comparison of prevalence estimates of GDM across populations.
Another strong risk factor for GDM is race/ethnicity. In countries with multi-ethnic populations such as USA, Canada, and Australia, notable differences in racial/ethnicspecific prevalence of GDM have been documented. For instance, one US study in northern California reported that the prevalence was highest among Filipinas (10.9 %) and Asians (10.2 %), intermediate among Hispanics (6.8 %), and lowest among Non-Hispanic White (4.5 %) and African-American (4.4 %) [42] . In Australia, women of South Asia origins were 4.22-fold more likely to develop GDM compared to their Australia/New Zealand-origin counterparts [3] , which is consistent with the higher prevalence of GDM among the general Southeast Asian population. The reasons underlying the racial/ethnic differences are still to be further elucidated, but accumulating evidence suggests the mechanisms could be multi-faceted, including differences in body composition, lifestyle (diet and physical activity), acculturation, genetic susceptibility, and healthcare systems and reporting practices [43] . In particular, although Asians generally have a lower body mass index (BMI), they are more prone to accumulate visceral fat and develop abdominal obesity at a given BMI [44] , which in turn are positively associated with insulin resistance and impaired β cell function [45, 46] . Genetic predisposition may also contribute to the excessively high prevalence of GDM among certain high-risk racial/ethnic groups [47, 48] . Moreover, the risk of GDM may vary by nativity even within the same racial/ethnic group. For instance, among 133,552 live singleton deliveries from 2004 through 2007 in Florida, foreign-born Asian Indians were twofold more likely to develop GDM compared to their US-born counterparts, independent of BMI, age, parity, and height [49] .
Other population characteristics of GDM risk factors including pre-pregnancy adiposity, family history of diabetes, parity, unhealthful diet, sedentary lifestyle, and socioeconomic determinants may also be at play in driving the variations in GDM prevalence across populations [50] . Compared to normal weight women, Caucasian Hungarian women who were overweight or obese prior to pregnancy had approximately twofold increased risk of GDM, regardless of the diagnostic criteria (i.e., WHO 1999 and IADPSG) [51] . In addition, urbanization as an indicator of economic development may also contribute to the varied prevalence of GDM, especially in developing countries. One study in Tanzania showed that the prevalence of GDM in urban communities was approximately five times that of rural counterparts using the IADPSG criteria (17.7 versus 3.7 %), whereas the discrepancy was even greater with an eightfold increase using the WHO 1999 criteria (8.4 versus 1.0 %) [52] . Collectively, it is imperative to take into account the underlying population characteristics while comparing prevalence estimates of GDM across populations.
Progression from GDM to T2DM
Literature Search GDM was related to substantially increased risk for T2DM after the index pregnancy. The variations in the risk of progression from GDM to T2DM by country and race/ethnicity are not well understood. In this regard, we conducted a literature search on the risk of GDM progression to T2DM by expanding a previous well-conducted systematic review in 2009 [6••] . An electronic search of PubMed was performed on publications from February 1, 2009 to August 1, 2015, without language restrictions. We applied the same search terms as used by the previous review [6••] , which included combinations of Bgestational diabetes,^Bdiabetic pregnancy,^Bdiabetes mellitus,^Btype 2 diabetes mellitus,^BNIDDM,^and Bnon-insulin dependent diabetes mellitus.^Overall, 471 studies were identified. After reviewing the titles and abstracts, 82 studies were included for further synthesis by examining the full texts. Briefly, cohort studies assessing the risk of developing T2DM at least 6 weeks after the index pregnancy complicated by GDM were included, whereas studies were excluded if they included women with known pregestational diabetes or did not contain a control group of non-GDM women. A total of seven eligible cohort studies meeting the search criteria were identified [53] [54] [55] [56] [57] [58] [59] .
Results of the Literature Search
We combined data extracted from the 20 studies included in the previous review and an additional of seven qualified ones published afterwards as source data. The relative risk (RR) of developing T2DM after the index pregnancy complicated by GDM was calculated and grouped by country and WHO region (Fig. 3) . The majority of the studies selected were from high-income countries (22 studies in 12 countries), whereas there were data from only five studies in three low-to-middle income countries (i.e., Brazil, China, and India). Despite the relatively high prevalence of GDM in the Southeast Asian region, only one study from India was included [60] . No eligible studies from Africa or Middle East and North Africa were identified. Due to the absence of sufficient study data, we were unable to stratify the results by specific racial/ethnic subgroup. However, most countries included were composed of mixed racial/ethnic groups or Caucasian populations, if not exclusively Caucasian.
Overall, great heterogeneity was observed in the risk of progression from GDM to T2DM across countries and studies, which may be at least partly due to variations in the diagnostic criteria of GDM and/or T2DM, years of followup, retention rate, and characteristics of the underlying populations. Among the eligible studies, European countries overall exhibited the greatest heterogeneity with risk estimates ranging from 2.7 in Germany [56, 59 ] to 47.0 in Finland [61] , cumulative incidence of T2DM after GDM ranging from 2.1 % in Germany [59] to 35.7 % in Sweden [62] , and mean length of follow-up ranging from 5.5 months [56] to 15 years [62] . The effect sizes for relative risks of developing T2DM seem to vary by length of follow-up after the index pregnancy complicated by GDM. For instance, among the three studies in Sweden, two had increased but non-significant risks for developing T2DM 1 year (RR = 5.6; 95 % confidence interval (CI) 0.8-40.7; cumulative risk of T2DM 9.2 %) [63] and 3-4 years (RR = 3.2; 95 % CI 0.2-55.8; cumulative risk of T2DM 3.4 %) [64] after the GDM-complicated index pregnancy, respectively [63, 64] , whereas the third one had a 38.4-fold increased risk of T2DM after 15 years of follow-up (cumulative risk 35.7 %) [62] . Among the five studies in the USA, four showed similar effect sizes of relative risks ranging from 3.9 [65] to 6.6 [66] with cumulative incidence of T2DM ranging from 25.9 to 36.4 %, although the length of follow-up 
Conclusions
The epidemic of diabetes poses an enormous public health challenge globally. Given the adverse impacts of GDM on pregnancy outcomes, perinatal morbidity, and development of chronic diseases including T2DM later in life, increasing attention has been drawn to the increasing prevalence of this common pregnancy complication. Overall, our review based on publications during the past decade demonstrates large variations of the prevalence of GDM worldwide, with it being higher among Middle East and North Africa, Southeast Asia, and Western Pacific regions, whereas it is lowest in Europe. However, direct comparisons across countries are challenging at least partly due to varied screening approaches, diagnostic criteria, and underlying population characteristics. In particular, recent studies are more likely to estimate or reevaluate the prevalence of GDM adopting the new IADPSG criteria, which tend to result in a higher prevalence estimate as compared to other criteria used in earlier days. Moreover, the divergence of local or regional practices of GDM screening and diagnosis from the national guidelines, if available, further complexes the reliable estimation of country-specific prevalence. Women whose pregnancies are complicated by GDM have an exceptionally high risk for developing T2DM after the index pregnancy. Data on the risk of progression from GDM to T2DM
are still limited and little is known about modifiable factors that may lower the risk, especially among developing and low-to-middle income countries, which have been shown to be suffering from escalating burden of both GDM and T2DM. Taken together, collaborative and continuing efforts to acquire global prevalence data within and across countries may be needed. Such efforts may have substantial public health implications in terms of informing health policy makers and healthcare providers for disease burden and for developing more targeted and effective diabetes prevention and management strategies globally.
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